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Units of Electrical Transmission 


By J. ft . HORTON , Chief Engineer 




The communication engineer, al¬ 
though he deals generally with very 
small amounts of energy, is fre¬ 
quently concerned with ratios of 
energy having enormous magnitudes. 
The ratios between the rates of 
energy flow in different parts of a 
communication system, if expressed 
numerically, may be quite as impres¬ 
sive as the figures used by the 
power engineer. As an example the 
power delivered by an ordinary tele¬ 
phone transmitter is of the order of 
0.01 watt. This may be used to 
control the output of a 100-kilowatt 
radio transmitter, in which case the 
ratio of the powers at the two ends 
of the system is ten million. Again 
it is quite possible for the energy de¬ 
livered to its loud-speaker by a mod¬ 
ern radio receiver to exceed the 
energy delivered by the antenna by 
one hundred million to one. 

Because of the relations between 
the quantities involved the com¬ 
munication engineer finds it desir¬ 
able in describing the efficiency of 
his apparatus to adopt a method 
differing markedly from that used 
by the power engineer. Until re¬ 
cently this method was to compare 
the performance of any piece of ap¬ 
paratus to that length of standard 
telephone cable which changed the 
amount of power delivered by the 
same ratio. 

In making this comparison two 
factors must be taken into account, 
first the energy dissipation — or at¬ 



tenuation — within the apparatus, 
and second, the ability of the ap¬ 
paratus to receive and deliver energy 
across the junctions between it and 
associated circuits. To describe the 
performance of any apparatus, 
there/ore, it is customary to con¬ 
sider the power which would be re¬ 
ceived by a given load circuit from 
a given generator circuit when they 
are connected directly together and 
the power received when the appar¬ 
atus in question is included between 
them. 

In the case of a length of stand¬ 
ard cable it was assumed that the 
generator and receiver circuits were 
both long lengths of similar cable so 
that the only loss due to introducing 
the reference length was the dissipa¬ 
tion within the reference length. 
Under these conditions the actual 
loss in a real cable when the current 
flowing has a frequency of 800 
cycles per second is given by the ex¬ 
pression : 

p 1 /p a = e °2” a ' (1) 

where e is the base of Napierian 
logarithms and L is the length of 
the cable in miles. From this the 
number of miles of standard cable 
which, when connected into a long 
length of similar cable, changes the 
amount of power received by the 
ratio Pi/P 2 is: 

L=4.587 log e P 1 /P t (2) 

From the change in received power 
occurring when any piece of ap- 
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paratus is introduced between given 
generator and receiver circuits the 
attenuation, or gain, of the ap¬ 
paratus expressed in equivalent miles 
of standard cable is given by the 
above formula. 

One consequence of expressing 
performance in this way is that the 
over-all value for a system is com¬ 
puted by adding together the values 
expressing the performance of the 
several parts. This differs from 
the practice of the power engineer 
who multiplies together the per¬ 
centage efficiencies of his compo¬ 
nents. 

The above method of expressing 
the transmission efficiency of a piece 
of apparatus as some function of 
the logarithm of a power ratio has 
two decided advantages for the 
communication engineer. In the first 
place it fits in conveniently with his 
transmission formula?, of which (1) 
given above is a typical example. In 
the second place it is most conven¬ 
ient when used in connection with the 
sensation of loudness, which also fol¬ 
lows a logarithmic law. This lat¬ 
ter fact can be demonstrated by 
determining the amounts of energy 
required to give a series of sounds 
differing by apparently equal in¬ 
tensity intervals. If these amounts 
of energy are compared it will be 
found that successive values bear a 
fixed ratio to one another. 
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In spite of its convenient logarith¬ 
mic character the “mile of standard 
cable” or “800-cycle mile” has cer¬ 
tain disadvantages. First, it is as¬ 
sociated with an arbitrarily selected 
physical cable and is significant only 
for currents having a frequency of 
800 cycles. Second, it requires, 
when used ill mathematical computa¬ 
tions, the use of an arbitrary con¬ 
stant based on the physical cable. 
Because of these disadvantages an 
effort has been made to standardize 
a new unit which will he of greater 
simplicity. Several such units have 
been proposed. In Europe a unit 
known as $1 has been employed for 
some time. Here the number of 
units is given directly by the natural 
logarithm of the current ratio. In 
America the unit which has come 
into general use is such that the 
number of units is ten times the 
logarithm to the base 10 of the pow¬ 
er ratio. That is, 

P, I, 

N=10 log——20 log—. 

P 2 I, 

The European method is probably 
more convenient from the standpoint 
of mathematical computations. IIow 
ever, the use of one additional con¬ 
version factor is undoubtedly less 
confusing to the mathematicians 
than would be the use of natural 
logarithms to the relatively larger 
number of practical engineers. An 
immediate advantage of using the 
logarithm to the base 10 appears 
when it is recognized that the mini* 
l>er of transmission units may be 
computet! from the power ratio by 
the means of an ordinary slide rule 
or may be looked up in the nearest 
table of logarithms. 

The use of the various units and 
their relative merits have been dis¬ 
cussed at International Communi¬ 
cations Conferences and it has been 
agreed that both shall be retained. 
The unit based on the logarithm to 
the base ten of the power ratio has 
for some time been known as the 
transmission unit (Tl T ) for want of 
a more definite title. At the last 
meeting of the International Com¬ 



munications Conference, however, 
this unit has been given the name 
decibell. The nominal unit is such 
that the number of units is the loga¬ 
rithm to the base 10 of the power 
ratio. This has been done in order 
that the two units—the $1 *nd the 
Bel I -should be approximately alike 
in magnitude. The so-called prac¬ 
tical unit will, however, be the deci¬ 
bell, which, since the number of 
units is 10 times the logarithm of 
the current ratio, is obviously one- 
tenth the size of the nominal unit. 
It has been decreed that the new 
unit shall l>c abbreviated as “dl>”. 

It was originally intended that 
transmission units should be used in 
referring to the performance of ap¬ 
paratus, that is, to the gain or to the 
loss resulting when the apparatus 
was employed. Since, however, the 
unit is based on power ratios it is 
only natural that it has come to he 
used for expressing amounts of 
power. This is most frequently 
done by selecting, arbitrarily, some 
amount of power as a “reference 
level” and describing other amounts 
of power as being so many transmis¬ 
sion units above or below this refer¬ 
ence level. It must be emphasized 
that a power level expressed in this 
wav can have no significance unless 
the reference power is specified. 
There may he as many reference 
points as there are systems for elec¬ 
trical communication. In telephone 
lines for example the standard out¬ 
put of a repeater is spoken of as 
“zero level” and the rate of energy 
flow at other parts of the system is 
thus referred to this level. In high 
quality broadcast transmission a 
power level of 0.000 watts 1ms been 
arbitrarily chosen as zero level. 
Thus when we say that an amplifier 
is capable of delivering a “plus 10 
db level” we mean that it is capable 
of delivering 0.00 watts. The use 
of transmission units in describing 
power levels emphasizes the advan¬ 
tage of using a logarithmic unit in 
connection with such phenomena ns 
hearing which itself follows a loga¬ 
rithmic law. The practice should, 
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however, not be carried to the point 
where the reference power level is 
lost sight of. 

Johns Hopkins Graduate 
Joins Engineering Staff 

On December 1 we welcomed to 
our engineering staff Arthur K. 
Thiessen, a graduate of the Class of 
1920 of Johns Hopkins University. 
Mr. Thiessen’s undergraduate tin* 
sis was on the subject of magnetic 
alloys. For the past two and a half 
years be 1ms l>een with the Bell Tele¬ 
phone Laboratories in New' York 
City, working largely oh apparatus 
for high speed c ables. 

As is true with most of our en¬ 
gineering staff, Mr. Thiessen is a 
former amateur. Pre-war amateurs 
on the Pacific Coast will undoubtedly 
recall Mr. Thiessen’s spark trans¬ 
mitter at Portland, Oregon. 

I)r. Dull Returns to Boonton 

Since bis return from Europe, 
where lie attended the U. U. S. I. 
Conference, l)r. Lewis M. Hull lias 
assumed the direction of the techni¬ 
cal work of the Aircraft Radio 
Division of Radio Frequency Lab¬ 
oratories. He is, therefore, now 
making bis headquarters at Boon- 
ton, New Jersey. Dr. Hull will be 
associated with our Engineering De¬ 
partment only in a consulting ca¬ 
pacity. His work and interests have 
been principally in the* line of radio- 
frequency measurements. One of liis 
contributions along these lines is the 
Type 408 Standard-Signal Genera¬ 
tor. 

TELEVISION 

We have received many inquiries 
as to whether w f e were contemplating 
putting out any television appara 
tus. The answer 1ms been uniformly 
“No”. The reason? Read “The 
Old Man’s” article on this subject 
on page 24 of the January issue of 
**(,). S. T.” This is one of the best 
summaries of the subject we have yet 
seen. 
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How and Why the Talkies 

By HORATIO If . LAMSON , Engineering Department 

Part Two 


s 


In the December issue of the EX¬ 
PERIMENTER we outlined the 
general problems of the talking 
movies and discussed in some detail 
tile wax disc method of recording 
and r e p r o <1 u c i n g synchronized 
sound. We now propose to consider 
the optical method whereby a photo¬ 
graphic record, corresponding to 
the fluctuating sound impulses, is 
obtained upon a film in the studio 
and subsequently reproduced as 
sound in the theater. 

There are two fundamental forms 
which such a film record may take. 
The one most commonly employed 
has a constant transverse width 
and an intensity or “density” which 
varies from point to point along the 
film in accordance with the frequency 
and amplitude fluctuations of the 
corresponding sound waves. Such a 
record is shaded in appearance and 
similar in character to a photo¬ 
graph of a heavily handed light 
spectrum. It may he obtained by 
varying the intensity of the light 
source, either directly or indirect¬ 
ly, or by changing the effective width 
of the narrow r slit opening through 
which the film is exposed. In either 
case the density across the record 
is constant at any given point along 
the film, giving thus the characteris¬ 
tic handed effect. 

On the other hand, in the second 
type of record, a constant source of 
illumination is employed, while the 
electrical impulses corresponding to 
the sound waves operate a mechan¬ 
ism that serves to vary the relative 
amount of the transverse slit which 
is illuminated at any given instant. 
This produces a black-and-white 
lion-shaded record having a fine saw¬ 
tooth appearance. 

There are three distinct methods 
of optical recording which may be 
described lu ^ 



damentally adapted to produce a 
handed type of record. 

The first makes use of the neon or 
similar type of glow lamp which is 
so well known in the art of television. 
The intensity of the light emitted 
by such a lamp can be varied rapid¬ 
ly and easily hv a fluctuating volt¬ 
age upplied to it. If, now, our film 
is driven uniformly along behind a 
narrow transverse slit which is illu¬ 
minated on the opposite side by such 
a lamp, we have the means of pro¬ 
ducing a handl'd film record corre¬ 
sponding to the variations of the 
sound waves picked up by the studio 
microphones. 

The second method utilizes a con¬ 
stant source of light and employs an 
ingenious device known as a “light- 
valve.” This consists of two par¬ 
allel duraluminum tapes each six 
mils w ide and three mils thick. These 
are so placed in the optical system 
that, when at rest, they form an ef¬ 
fective slit which, viewed against the 
source of light, presents an opening 
two mils wide by one quarter of an 
inch long. By means of a high grade 
optical system an image of this slit 
in the light valve is thrown onto the 
the film in the form of a transverse 
line of light one-eighth of an inch 
long and, normally, only one mil 
wide. 

The two duraluminum tapes form 
an electrical loop circuit and they 
are so located in a steady magnetic 
field that, when a pulsating current 
is passed through them, they move in 
opposite directions. In this manner 
the effective gap opening between the 
tapes, and, hence, the width of the 
image line on the film, is varied ac¬ 
cording to the frequency and am¬ 
plitude of the electrical impulses. 
Such a modulation of the light gives, 
of course, the characteristic banded 
lick jure ^record jm tin* moving Him. W, 
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that in this case the time during 
which each spot on the film is ex¬ 
posed to a constant light source 
varies, while in the other two meth¬ 
ods described each spot on the film 
record is illuminated for the same 
time interval by a modulated light 
intensity. 

It is found desirable in practice 
to adjust, the tension on the tapes 
until they have a natural frequency 
of about 7000 cycles per second. 
Under this condition a 100 per cent, 
modulation of the light, i.e., opening 
the valve slit to a maximum of four 
mils and just closing it completely 
requires about ten milliwatts of pow¬ 
er at the lower audio frequencies and 
about 0.1 milliwatt at the natural 
frequency of the tapes. 

A third method of optical record¬ 
ing utilizes an interesting device 
known as the Kerr cell. A beam of 
light of constant intensity is passed 
Hrst through a NicoPs prism which 
polarizes the beam in a particular 
plane. It is then passed through a 
narrow r gap between two electrodes 
and subsequently through a second 
NicoPs prism set at 45 degrees to 
tile fil*>t. 'Pie gap lo t w * t il t lit* elec 
trodes in the Kerr cell is filled with 
nitro-benzol, a liquid which has the 
property of rotating the plane of 
polarized light passing through it 
when subjected to an electrostatic 
field to a degree proportional to the 
impressed voltage. Obviously, then, 
a modulation of the effective inten¬ 
sity of the light source may be 
produced by applying an alternat¬ 
ing potential to the electrodes, so 
that, if we employ a fixed transverse 
slit against the film, a handl'd record 
will result. The separation of the 
electrodes and the length of the light 
path between them determine the 
voltage necessary to produce 100 
per cent, modulation, i.e., variation 
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between full transmission and total 
extinction of the light. As in the 
case of the neon lamp, the degree 
of modulation of the Kerr cell is es¬ 
sentially independent of frequency, 
but in the Kerr cell the degree of 
modulation is proportional to a 
cosine function of the amplitude 
which, obviously, limits the useful¬ 
ness of this device. 

In all three methods of optical 
recording the nominal effective time 
of exposure is about 1/18,000 sec¬ 
ond, corresponding to the nominal 
Him speed of ninety feet per minute. 
This means that modulation of the 
record at a frequency of 18,000 
cycles or higher would be nil with 
an increasingly better modulation as 
we go below 18,000 cycles. In the 
workable audio range, however, the 
modulation is satisfactory, or can 
be made so by the use of equalizers. 

The technique of studio recording 
follows along the general lines pre¬ 
viously described. The responses of 
the several studio microphones, 
properly mixed, are amplified suf¬ 
ficiently to operate whichever type 
of recording device is used. In gen¬ 
eral two separate film records are 
made, one for the sound and one for 
the photography. This permits a dif¬ 
ferent technique of development for 
the two fibns, which is very desirable. 
Synchronization is accomplished by 
an interlocking electrical drive sys¬ 
tem, which contains mechanical fil¬ 
ters in the drive of the sound film to 
maintain a constant and uniform 
rate of travel past the exposure slit. 

It is customary in both disc or 
photographic recording to make two 
identical sound records and subse¬ 
quently to choose the better for 
printing the released positive films 
or preparing the playing records. 
The optical sound record, as printed 
on the films sent out to the theaters, 
takes the form of a strip about one- 
eighth of an inch wide along one side 
of the picture. The picture and the 
sound strip are printed separately 
on the positive film, the space occu¬ 
pied by one being shielded from the 
light while printing the other. 

Great care must be taken in 
selecting both the p sitive and nega¬ 
tive raw film stock to be used in 
sound picture work. Any irregular- 


or emulsion will, of course, generate 
unwelcome “background” noises in 
the final reproduction. While the eye 
can barely detect a two per cent, 
change in film density sudden irregu¬ 
larities of only one-tenth of one per 
cent, will give rise to an audible 
background noise. 

In reproducing the optical sound 
record in the theater we employ an¬ 
other device used in the art of tele¬ 
vision, namely, the photo-electric 
cell. When subjected to a steady 
polarizing voltage the photo-electric 
cell allows a current to How through 
it which is proportional to the in¬ 
tensity of light falling upon the cell. 
A narrow transverse slit is inter¬ 
posed between the cell and a constant 
source of light. This slit extends 
across the portion of the film carry¬ 
ing the sound record so that the in¬ 
tensity of the light passing at any 
instant into the photo-electric cell 
depends either upon the relative 
density of the banded film back of 
the slit or upon the width of the 
“cut-off” portion of the saw-tooth 
film record at the point in question. 

Thus if the film is drawn uniform¬ 
ly at the original speed across the 
slit we will obtain a pulsating cur¬ 
rent in the photo-electric cell circuit 
which will be a reproduction of the 
current in the studio microphones. 

When projecting a motion picture 
the film is advanced intermittently 
at the rate of sixteen “frames” per 
second, each frame being stationary 
for the brief instant during which 
light is passing through it to the 
screen. Obviously, then, the synchro¬ 
nized picture and sound record can 
not be adjacent on the film. In prac¬ 
tice they are spaced about fifteen 
inches apart along the film, thereby 
allowing for a "loop” to take up the 
intermittent slack between them. 
Mechanical filters are used in the 
drive to insure an extreme uniform¬ 
ity of motion past the photo-electric 
cell slit. 


count of the high impedance of the 
photo-electric cell circuit, it is de¬ 
sirable to build this amplifier into 
the same container which holds the 
photo-electric cell. The output of 
this amplifier, at low impedance, is 
then carried to the fader and, from 
this point on, the same speech am¬ 
plifying system used with the disc 
method is employed, likewise the 
same technique of fader operation, 
monitoring, and control of the out 
put panel. 

A large proportion of the theaters 
in which synchronized sound installa¬ 
tions have been made are equipped 
with machines designed for project¬ 
ing either the disc or the film type of 
record. They can, therefore, utilize 
the standardized product of all pro¬ 
ducers. 

A few statistics may be of inter¬ 
est in closing. A number of con¬ 
cerns are now developing and placing 
on the market equipment for record¬ 
ing and reproducing sound pictures. 
Among them are: the Electrical lte- 
search Products, Inc., a subsidiary 
of the Western Electric Company, 
who use both the disc record (Vita- 
phone) and the film record (Movie¬ 
tone) ; the It. C. A. Photophone (a 
film record) ; and the General Talk¬ 
ing Pictures Corporation (De Forest 
Phonofilm), likewise a film record. 

Among the producers using the 
E. It. P. I. system are: 


1 . 


:i. 

4. 

5. 
<>. 

7. 

8 . 


Paramount Famous Players 
Lasky Corp. 

Metro-Goldwyn-Mayor, Tnc. 
Warner Brothers. 

Fox-Case. 

First National. 

Universal. 

Christie Comedies. 

Victor. 


ities in the transparency of the film 



The electrical impulses obtained 
from the photo-electric cell are ex¬ 
tremely small in amplitude. A two- 
stage resistance-coupled amplifier is 
ordinarily necessary to bring them 
up to an energy level comparable 
with that obtained directly from the 
electromagnetic pickup used in the 
disc method of reproducing. On ac- 
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The following producers are 
licensed under the R. C. A. Photo¬ 
phone system: 

1. F. B. O. 

2. Tiffany-Stahl. 

3. Pathe. 

4. Mack Sennett. 

5. Educational. 

In conclusion we w r ish to acknowl¬ 
edge our indebtedness to the Bell 
Laboratories Record for certain 
data used in this article. 
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